than the 25 #{176}C temperature at which the test was originally evaluated (1, 2) has been questioned, especially when optimal substrate concentration at 37 #{176}C is used (12, 13). Others report excellent correlation between results by the original method at 25 #{176}C and the revised method at 37 #{176}C (14). The HBD assay performed at 37 #{176}C has also been shown to be only slightlymore specificfor myocardial infarctionthan the total LD determination (ii).
The heat-and urea-stability testsappear to be the most reliable for distinguishing LD1 from LD5, with the heat-stable assay being slightly more sensitive and specific for the detection of myocardial infarction (11, 15) . The urea-stable assay, however, is simpler to perform.
Urea concentrations used by other investigators when assaying cardiac LD with pyruvate as the substrate vary from 1.8 mol/liter (11) to 2.6 mol/liter (8). Konttinen and Lindy (9, 10), who studied the method extensively,used 2.0 mol/literurea. The urea-stable method was studied on the centrifugal analyzer to find the urea concentration that best differentiates LD originating from the heart and liver. The method presented has increased sensitivity and specificityover those in which lower urea concentrations are used and correlates well with the heat-stable method of Strandjord et al. (4, 5) .
Materials and Methods

Specimens
Sera free from hemolysis, which has not been refrigerated or frozen-because of lability of the electrophoretically slow-moving isoenzymes (16)-should be used for LD determinations.
Sera used for determination of heat-stable LD activity were diluted twofold with phosphate buffer (50 mmol/liter, pH 7.4) and heated at 65 #{176}C for 30 mm (4, 5).
Optimal conditions for LD activity were determined by using supernates of heart and liver homogenates, and sera selected from patients with myocardial infarctionor liver disease. The heart and liver tissues were homogenized in equal volumes of the 
Assay Conditions for Urea-Stable LD
The concentrationof urea was varied,to ascertain the concentration that best differentiates cardiac and liver LD. The greatest difference in LD activity obtained from heart and liver homogenates was in 1.9 mol/liter urea ( Figure 1) ; the greatest difference in degree of inactivation between LD1 and LD5 obtained from various sera was in 2.6 mol/liter urea ( Figure 2) . Albumin, added to the homogenates to a proteinconcentrationof 60 g/liter, did not change the optimal urea concentration from 1.9 mol/liter. When the homogenates were diluted fivefold with normal serum, the optimal urea concentration was again 1.9 mol/liter.
Because the urea-stable assay is performed on sera, 2.6 mol/liter urea was chosen.
The optimal urea concentration was further studied by comparing the effect of urea and heat on LD activity. About the same degree of inactivation of cardiac and liver LD was observed after incubation with 2.6 mol/liter urea for 15 mm at 30 #{176}C as was observed after heating at 65 #{176}C for 30 mm (Figure 3 ). Higher urea-stable values were observed after incubation with 2.0 mol/liter urea, the concentration selected by Konttinen and Lindy (9, 10). As Figure 3 illustrates, LD activity in urea decreases rapidly during the first 10 mm, then more slowly. Since NADHurea-phosphate buffer is the diluent for the serum urea-stable LD activity are 8% lower than they would be at optimal pyruvate concentration.
The urea-stable LD reaction followed zero-order kinetics with respect to substrate to an activity of 500 U/liter.
Precision
Precision of the total, heat-stable, and urea-stable LD methods on the centrifugal analyzer was excellent (Table 3) . Within-disc precision is significantly better than precision obtained between discs and overall precision. Maclin illustrated that an overall CV of 5% or less is usual with a kinetic method on the centrifugal analyzer, taking into account the combined variables of temperature variation, loading the distribution disc, and instrument uncertainty (27) .
Precision obtained between discs on any day is essentially that seen over 50 days for the total and urea-stable LD methods. Better precision is obtained with the urea-stable than with the heat-stable LD method.
Comparison of Values for the Urea-Stable and Heat-Stable Techniques
Values for the urea-stable LD activity of 200 specimens encompassing the normal and abnormal range were analyzed during 12 days by the method as presented. Values were compared by least-squares regression analysis with the heat-stable LD activity values obtained on the same specimens. We used the heat-stable method of Strandjord et al. (4, 5), which was adapted to the centrifugal analyzer as described in this investigation.The mean of the heat-stable LD values (x) was 96.5 U/liter; the mean of the urea-stable LD values (y) was 108.7 U/liter.The correlation coefficient was 0.992. A regression line y = a + bx where a, the intercept, is -1.94 and b, the slope of the line, is 1.147 was obtained. was 16.04 U/liter. Student's t-test gave a value of 1.01. The correlation of random specimens is not sufficient comparison to validate the conversion of data from one method to another without also studying the relationship of the two methods over a certain period of time in the same clinical situation.
Sensitivity of the heat-and urea-stable LD methods was therefore compared by following the daily serum LD Means vary because different lots of lyophilized control sera were used. LD results were equally sensitive (17 and 16 X normal, respectively) and both were more sensitive than the total LD value (6 X normal). The heat-stableand ureastable LD values were also elevated for the same length of time and were elevated longer than either the creatine kinase (EC 2.7.3.2) or aspartate aminotransferase (EC 2.6.1.1) values.
Normal Values
Normal values were established on sera obtained from 161 blood bank donors. Serum LD activity values in adults representing 2.5 percentile lower and 97.5 percentile upper limits were determined to be 150-309 U/liter for total LD activity and 30-60 U/ liter for both heat-and urea-stable LD activity.
Normal distributions were obtained.
Discussion
The centrifugal analyzer is especially suited for enzyme determinations because it offers the following advantages:
(a) speed, since many enzyme-catalyzed reactions can be monitored simultaneously; Konttmnen and Lindy (9, 10) based their choice of urea concentration (2.0 mol/liter) on the differences in activity obtained from LD1 and LD5 of heart and liver homogenates, respectively. Similar observations were made in this study when heart and liver homogenates were used. When sera were used as the source of LD1 and LD5, however, the activity of these two isoenzymes was most different at a urea concentration of 2.6 mol/liter. Although sensitivity and specificity of the ureastable and heat-stable methods are equal, the ureastable assay is preferred for use with the centrifugal analyzer for several reasons. First, it is easier and quicker, because no preliminary dilution of the serum or heating period is required.
Rather, the 15-mm incubation period with urea can be done in the distribution disc of the analyzer simultaneously with the pre-incubation time necessary for the reagents to come to 30 #{176}C and to allow exhaustion of any endogenous keto and diketo acids that may interfere with the reaction (22, 23) . Second, precision is better with the urea-stable than with the heat-stable LD method, because serum becomes slightly turbid when heated to 65 #{176}C. Third, the urea-stable method requires less serum; 50 l of serum is used, while 0.5 ml of serum is needed in the measurement of heatstable LD activity because of the preliminary heating step.
